Abstract Coping with uncertainties is inherent to river management planning and policymaking. Yet, policymakers often perceive uncertainty as a complicating factor. We examine the challenges faced by policymakers when coping with uncertainties and provide an action perspective on how to best cope with these challenges to inform the policy debate. Integrating social and natural scientist's perspectives on uncertainties and learning theories, we present a holistic, management perspective for coping with uncertainty. Based on a literature review about uncertainty concepts, strategies and learning, we identify three challenges in current river management: balancing social and technical uncertainties, being conservative and avoiding to end up a lock-in situation. We then provide a step-wise strategy and concrete actions for policymakers, which are illustrated with several examples. We conclude that coping with uncertainty may require paradigm shifts that can only be achieved through organisational learning. This, we claim, requires reflection, learning and flexibility of policymakers and their organisation.
Introduction
a balance between the needs of different actors and multiple river functions, such as navigation, drinking water supply, nature development, recreation and flood risk. These functions are interrelated and concern multiple and diverse stakeholders and uncertainties, making river management a highly complex task. Furthermore, river management policies are developed and implemented for different scales and at different governance levels. The responsibility for implementing measures and executing maintenance is often devolved to local or regional authorities whereas policy frameworks and regulations are enacted at a national or supranational level. In this paper, we will examine uncertainty management on the development and implementation of policies for large rivers of national importance by policymakers operating at the national or sub-national level.
While the scholarly literature on uncertainty management is burgeoning (e.g. Walker et al. 2003 Walker et al. , 2013 Pahl-Wostl et al. 2007; Dessai and Hulme 2007; Brugnach et al. 2008; Hommes et al. 2009a; Warmink et al. 2010) , scholars still fall short in addressing the complexity of policy processes associated with river management and governance. This happens for reasons that are both conceptual and practical. On the one hand, there is a tendency to focus on strategies to cope with uncertainty targeting specific uncertainty types, often discounting that the unknowns associated with river systems are many, interrelated and involving social, biophysical and technical aspects of the river system. On the other hand, attempts to address uncertainties in connection to the socio-institutional system still remain elusive in concrete actions (e.g. Walters 2007 ). Uncertainty management strategies are often imposed by governments, but their implementation remains challenging (Allan and Curtis 2005; Walters 2007; Failing et al. 2013) . Implementation is hampered by governance issues, such as, policymakers being unwilling to admit and embrace uncertainties when making policy choices (Walters 2007 ) and a lack of government funding to support learning from monitoring programs for an extended period of time (Allan and Curtis 2005; Walters 2007 ). Our aim is to combine theories of uncertainty and organisational learning to show how social learning enables better coping with uncertainty in complex problems like river management and policy making. We add to this literature by providing concrete action perspectives for policymakers and present examples to show its potential. We build upon earlier studies that combine insights from natural and social sciences and call for a more holistic perspective on uncertainty management (e.g. Pahl-Wostl et al. 2007; Ascough et al. 2008; Brugnach et al. 2008; Hommes et al. 2009a ; Van der Keur et al. 2008 ; Van den Hoek et al. 2014) .
The paper starts with a review of the literature with regard to uncertainty typologies, strategies and paradigms to cope with uncertainties and the potential of learning and organisational change (section 2). Section 3 presents three key challenges faced by policymakers when coping with uncertainty in river management. In section 4, we provide the way forward: implementing change in the policymaking process and illustrate strategies and action perspectives with concrete examples to improve uncertainty management. Section 5 presents the conclusions.
2 Uncertainty in the Policymaking Process, a Review
Characterizing Uncertainty
To conceptualize and distinguish between different forms of uncertainty, a wide range of uncertainty typologies has been developed by natural and engineering scientists as well as social scientists. Uncertainty typologies are useful to frame uncertainties, aid communication and can instruct policymakers about how to deal with different types of uncertainty (Refsgaard et al. 2007; Brugnach et al. 2008; Stirling 2010; Bond et al. 2015) . In natural sciences and engineering, uncertainty is commonly understood to be caused by either a lack of information (epistemic uncertainty) or inherent random variation (ontological uncertainty) associated with, for example, the river system (e.g. Van Asselt and Rotmans 2002; Walker et al. 2003) . Typically, the response to epistemic uncertainty is to reduce the uncertainty by gathering and processing more information . As ontological uncertainty is inherently irreducible, it is generally elucidated by statistical analysis .
Accounting for the socio-institutional context in which management and policymaking takes place, several authors have extended this notion of uncertainty to also include uncertainties associated with the social system. Van Asselt and Rotmans (1996) took into account the variety of perspectives of decision makers in relation to uncertainty. Building upon insights from the literature on problem structuring (Hisschemöller and Hoppe 2001) , Hommes et al. (2009a, b) link policy controversies to actor perceptions and uncertainty to knowledge. Along similar lines, Merz et al. (2015) distinguish between system complexity and cognitive bias to explain the potential for surprise. Acknowledging the social processes underlying decision making, and considering the multiple valid ways in which problems and solutions are framed in multi-actor decision settings, Brugnach et al. (2008) identify ambiguity as a third type of uncertainty, next to epistemic and ontological uncertainty. They define ambiguity as the degree of confusion that exists among actors in a group (e.g. stakeholders) due to the presence of multiple, valid, and sometimes conflicting, interpretations (Weick et al. 2005 ) rather than, how much is known or not known about a system. Building on these concepts, Van den Hoek et al. (2014) shows that epistemic and ontological uncertainty and ambiguity are not independent from each other, but are often interrelated, meaning that what is known (or not known) about a system is influenced by the framings through which issues or problems are comprehended. Building upon this literature, we conceive uncertainties in river management as related to deficits of knowledge (possibly epistemic or ontological in nature) and to the ambiguity resulting from the presence of multiple, and valid, ways of framing problems and solutions.
Coping with Uncertainty: Strategies and Paradigms
One of the paradigms that has been promoted for more than three decades as a way to cope with uncertainty is adaptive river management (e.g. Pahl-Wostl et al. 2007; Allan et al. 2013) . Adaptive management involves learning from the outcomes of previous actions. Hence, from an adaptive management perspective, suitable strategies to cope with uncertainties are not necessarily limited to reduce uncertainty (Allan and Curtis 2005; Walters 2007 ), they also incorporate social learning (Pahl-Wostl et al. 2007; Allan et al. 2008; Brugnach et al. 2011 ). However, while applying adaptive management proposes 'learning by doing', we observe that in practice, it is an illusion to state that a management paradigm is completely adaptive. Once certain choices are made, part of the adaptiveness character of a strategy vanishes. The essential point is to make decisions that leave opportunities for flexibility, rather than to make decisions that lead to a (technical or governmental) lock-in.
Most uncertainty management strategies recognize the importance of incorporating multiple stakeholders' perspectives (Wyborn 2015; Van der Keur et al. 2016 ) and learning (PahlWostl et al. 2007; Allan et al. 2008; Collins and Ison 2009) as well as the need for flexibility and the capacity for changing goals in the policymaking process in response to new knowledge (Thissen et al. 2017) . This implies that, if the policy does not work, it needs to be changed. Such changes may not only require changes in infrastructure (e.g. the reinforcement of an existing dike) but also changes in the organization of the policy process and the governance structure (Pahl-Wostl 2009; Allan et al. 2013 ).
Learning and Organisational Change
Coping with uncertainties may require actions that extend from simple improvements of data, to reframing of problems and solutions or changing the structural governance context. To understand the learning processes associated with such changes, we propose to extend the concept of multi-loop learning in policymaking to uncertainty management. Pahl-Wostl et al. (2007) and Pahl-Wostl (2009) build upon Argyris and Schön (1978) and Hargrove (2002) to distinguish between three learning loops that can be linked to changes in three different aspects of the policymaking process: actions, frames and context (Fig. 1) . Single-loop learning refers to situations in which performance is improved by refining actions and making incremental improvements to established routines. Double-loop learning implies that underlying values and assumptions are questioned and involves reframing. Triple-loop learning involves structural changes in the governance regime. Like policymaking, coping with uncertainties is an iterative and stepwise process during which constraints and boundaries are met. When changing actions and frames is no longer sufficient, large-scale governance changes (referred to as Btransformations^) are required to effectively cope with the uncertainties.
When coping with uncertainties, first-loop learning may involve that uncertainties are reduced or eliminated by including new or better information. This can be achieved by conducting more research, collecting additional data or improving the assessment of uncertainties (e.g. confidence intervals). However, people's frames of reference, context and problem definitions are not questioned. This first-loop comprises, for example, that novel scientific tools are defined as the new standard, thereby reducing epistemic uncertainty, and improved methods and more observations reduce the ontological uncertainties. Also, better procedures can be effectuated to enhance the dialogue between policy and public. An example of this loop is that policy outcomes are monitored and actions are changed accordingly. Second-loop changes may be necessary in case first-loop changes do not provide an adequate response to uncertainty. For example, when the solution to a problem stretches beyond improving models and acquiring more data (Warmink et al. 2010) , the underlying assumptions of problem definitions and management strategies may need to be reframed. For example, the set of procedures needs to be critically reviewed, which involves a reflection on goals. Improvement is achieved by experimenting with innovative strategies and new kinds of measures (Pahl-Wostl 2009).
Third-loop changes refer to the transformation of the structural context, including changes to factors that determine the frame of reference of policymakers and the governance structure. This requires a fundamental change in the perceptions and mind-sets of actors involved (Lawrence et al. 2013 ) as well as changes in underlying norms and values and the governance structure (Pahl-Wostl 2009). For example, a third-loop change may imply that a flood protection policy is changed from preventing floods to accepting floods under certain conditions and prioritize evacuation strategies. It may also imply changing responsibilities, for example, that flood protection in cases of (extreme) discharge is no longer a government responsibility only, but becomes the shared responsibility of the public by means of insurance, local authorities and democratic decisions. These changes can be quite fundamental since they can be perceived as unacceptable by policymakers and require major changes in governmental responsibilities, perceptions and management paradigms.
Challenges in Coping with Uncertainty in River Management
Uncertainty is often perceived by policymakers to complicate decision making. Based on the literature review in section 2, we identified three common challenges in current river management practice: 1) balancing social and technical uncertainties, 2) being too conservative when coping with uncertainty, which may result in 3) an unwanted lock-in situation.
Challenge 1: Balancing Social and Technical Uncertainties
Uncertainty is inherent to policymaking. However, uncertainty analysis is often considered a burden in, for example, river management where policymakers often perceive uncertainty analysis as a lot of (unnecessary) work (Pappenberger and Beven 2006) . In practice, uncertainty is therefore often perceived as unwanted, resulting in Buncertainty-averse^reactions. A typical response of policymakers is to reduce, and preferably eliminate, uncertainty. As a result, they are paying either too much or too little attention to specific types of uncertainty.
At first sight, policymakers may want to reduce technical uncertainty by demanding more information (Koppenjan and Klijn 2004) . However, a strategy of reducing uncertainties may be counterproductive when uncertainties cannot be reduced, such as in cases of ontological uncertainty. Theoretically, epistemic uncertainty can be reduced, but only when sufficient time and means are available (Hommes et al. 2009a ) and depending on the type and source of information that is lacking (Van der Keur et al. 2008) .
On the other hand, new information might also increase uncertainty, because it reveals uncertainties that were previously unknown (Hommes et al. 2009a ). Too much focus on technical uncertainties might result in the creation of superfluous knowledge (Van de Riet 2003) that is irrelevant to the policy process. At the same time, creating a knowledge base that is scientifically valid is essential, since too much focus on the process (and on social uncertainty) may risk resulting in what is sometimes called 'negotiated nonsense' (Van de Riet 2003; Koppenjan and Klijn 2004; Hommes et al. 2009a) . Therefore, coping with uncertainties implies balancing between process (dealing with ambiguities) and content (dealing with uncertain or a lack of knowledge).
A case of paying too much attention to technical uncertainty is presented in Hommes et al. (2009a) . They examined the process in which impacts of the extension of the Mainport Rotterdam in the Netherlands on the local ecology were assessed. They particularly investigated how stakeholders' perceptions were dealt with and how knowledge was used in this decision-making process. They showed that the process had a strong focus on reducing technical uncertainty, which was addressed by gathering information and counter-expertise. After finishing the impact assessment, there was still disagreement between experts and lack of trust by the stakeholders about the final assessment reports. Since diverging stakeholder perspectives were not addressed, the process resulted in superfluous knowledge.
A case in which actors produced knowledge that was partly seen as negotiated nonsense and partly as irrelevant is provided by a BRoom for the River^project in Romania (Vinke-de Kruijf et al. 2012 Kruijf et al. , 2015 . In the project, a team of Dutch and Romanian experts organized an interactive and participatory process that dealt with flood risk management alongside other development issues. The process helped to reveal ambiguities, i.e. that stakeholders framed the problems in the project area in different, often conflicting ways. The project team successfully dealt with these ambiguities by integrating the diverse perspectives and ideas of participants into three different directions for solutions (so-called design concepts). When presented to a wider audience, the credibility of the project knowledge was questioned by several Romanian experts who had not been engaged in the knowledge production process. National actors who could decide upon and provide financial resources for the implementation of solutions were indecisive. As a result, the project generated knowledge that was highly valuable to the participants (mostly regional actors) but not legitimate, credible and salient to key experts and policymakers.
In both examples, the knowledge production process neither engaged all relevant actors nor their knowledge and, as a result, social uncertainty was poorly addressed. When dealing with complex, uncertain policymaking problems, De Bruijn and Leijten (2007) state that Ball types of information are basically ambiguous or contested since underlying facts and normative standards are controversial^. Therefore, both policymakers and scientists alike should pay more attention to neglected areas of uncertainty (Stirling 2010) . Not balancing the social and technical uncertainties could mean that we limit our ability to take corrective action in the future and end up in situations that could have been avoided . Conversely, the unbalance may also limit our ability to take action. Therefore, the challenge is to take into consideration both the social and technical uncertainties and address them in early project stages in a planning that would be acceptable to all stakeholders.
Challenge 2: Being Conservative
In river management practice, uncertainty is dealt with on a daily basis. However, not always in an optimal manner. The changing water paradigm describes that Bmodern^industrial societies have routinely and dramatically modified the natural system of water distribution and it notions that physical solutions continue to dominate traditional planning strategies (Gleick 2000) . PahlWostl et al. (2011) define that a management paradigm refers to Ba set of basic assumptions about the nature of the system to be managed, the goals of managing the system and the ways in which these goals can be achieved^. Water management in modern industrial societies has often been characterized as a control-based strategy (Pahl-Wostl et al. 2011) . Most modern industrial countries have the heritage of such a control-based management paradigm (Pahl-Wostl et al. 2007 ). System design was typically targeted at high predictability and controllability and uncertainties were managed by being conservative. Being conservative implies to strive for a safe decision, where there are no regrets. Malicious surprises, such as, unexpected incidents or disasters, should be avoided (Merz et al. 2015) . The associated uncertainty strategy can therefore be typified as Bbetter safe than sorry^.
Very high safety standards are applied in, for example, the Netherlands (DP 2015) where floods are projected to cause enormous damage, societal disruption and loss of lives in large parts of the country. The choice of a high return period is the result of a cost-benefit analysis (IWR 2011). On top of these high flood protection standards, modern industrial countries apply safety margins to cope with uncertainty in observations and models (e.g. Eurocode). This strategy yields very safe flood protection structures, but with associated high costs.
To avoid unnecessary costs, there is a strong focus on quantification and reduction of uncertainties, mainly in the natural and technical system. This is achieved by doing more measurements and improving the quality of models. Therefore, besides being conservative, uncertainty is dealt with by gathering more data, information and knowledge with the objective of reducing the uncertainties and thereby costs. However, aiming to reduce or quantify uncertainty ignores the existence of uncertainties that cannot be reduced by gathering more data or described by using statistics . Therefore, striving for certainty of information that supports public policy, can be a waste of effort and resources. Furthermore, established routines are defined to regularly update flood-risk assessments based on new insights and knowledge, illustrating first-loop changes only. This strategy can be typified as Bbusiness as usual^.
In the example above, where flood risk is based on a cost-benefit analysis, the management strategy and the way to manage uncertainty is based on the underlying idea of control of the natural and social system and processes. This control-based management stimulates being conservative as a strategy to cope with uncertainty and the feeling that uncertainties complicate policymaking.
Challenge 3: Reaching a Lock-in Situation
Being conservative as a strategy to cope with uncertainty may create a lock-in situation. For example, once developments behind dikes are in place, there is a public and governmental demand to maintain and protect them, and even increase the protection over time (Lawrence et al. 2013) . High protection standards motivate a conservative strategy aimed at preventing floods. Being conservative leads to very strong flood defences. Therefore, floods become rare, the awareness of the public for floods is low and mitigation measures become less urgent. This increases the consequences of a flood and the potential for surprise or disasters, which in turn leads to higher protection standards. In this situation, floods become increasingly unacceptable, not only in people's stakes and perceptions, but also from a cost-benefit point of view, which results in a situation that being conservative is even more preferred. This vicious circle finally yields a lock-in situation (Tillman et al. 1999) .
In a lock-in situation, paradigm shifts become increasingly difficult (Pahl-Wostl et al. 2011 ). This is one of the challenges for policymakers in modern industrial societies who are encouraged to change their management strategy, but cannot because they are trapped in a lock-in situation due to a long history of control-based management.
The way Forward
Policymakers often consider uncertainty as a problem that complicates the decision-making process. As coping with uncertainty is unavoidable in river management, policymakers should become better at employing different strategies to cope with uncertainties and arrive at decisions that are accepted by all stakeholders. For example, an unpredictable situation (ontological uncertainty) requires a different course of action from one that is characterized by different views on the most valuable outcome (ambiguity). In the first case, the policymaker should either accept that he or she cannot know more, define scenarios with possible outcomes or quantify the uncertainty. In the second case, gathering technical information will not improve the interpretation of the problem and other strategies can be followed to find common collective goals or redefine the problem definitions to embrace the existing differences in views . Thus, different types of uncertainty require different actions. In this section, we illustrate the concepts from literature that were introduced in section 2 with several real-life examples to provide policymakers with a concrete step-wise strategy to cope with uncertainty.
Identify Uncertainties
The first step if confronted with uncertainty in policymaking is to identify the uncertainties in the policymaking process (Van der Keur et al. 2008) . Analysing the assumptions of management plans is the start of most flexible planning strategies (e.g. Walker et al. 2013; Haasnoot et al. 2013) . When identifying uncertainties, it is of crucial importance to consider all types of uncertainty. This is challenging, but vital to the reliability of the management plan. In doing so, the focus should be on analysing the uncertainties that have the largest consequences for the success (so-called 'load-bearing' assumptions; Walker et al. 2013) . The use of an uncertainty typology (Section 2.1) raises awareness of the full range of possible uncertainties. More detailed typologies are available that might aid the identification (e.g. Brugnach et al. 2008; Warmink et al. 2010) . During identification it is essential to also include ambiguities in the analysis and not only consider an improved understanding of the usually complex system (Hommes et al. 2009b; Merz et al. 2015) . A commonly used method of expressing uncertainty and risk in terms of economic losses does not express whether an event is really vicious to a stakeholder (Merz et al. 2015) showing the need for a broader range of uncertainties.
Identification of uncertainties that may lead to harmful consequences requires both an estimate of the potential to occur and the degree of the consequences. Expert elicitation can be used to identify the uncertainties, but it requires awareness of the full range of uncertainties (Warmink et al. 2011) . Merz et al. (2015) recommend to let imagination play a role in the definition of scenarios and include independent persons for Bde-biasing the flawed human mind^in the assessment to also identify uncertainties beyond the obvious.
In the past decades, several strategies to cope with uncertainty in policymaking have been developed and applied (e.g. Allan and Curtis 2005; Pahl-Wostl et al. 2007; Walker et al. 2013; Haasnoot et al. 2013; Thissen et al. 2017; Furlong et al. 2017) . Refsgaard et al. (2007) , Brugnach et al. (2011 ), Bond et al. (2015 and Merz et al. (2015) provide different sets of strategies to cope with uncertainty. However, note that these strategies mainly assume independent uncertainties, while uncertainties are interrelated (Van den Hoek et al. 2014) . This implies that if the selected uncertainty strategy does not work, alternative strategies, possibly targeted at other uncertainties, can be followed (Van den Hoek et al. 2014) , which offers the opportunity to adapt, but requires flexibility and learning. This shows that coping with uncertainty requires another way of thinking and continuous adaptation.
Uncertainties are influenced by people's roles and perceptions and therefore may require changes in policymaking processes and organizations. The identification of the source of uncertainty leads to possible strategies to solve the uncertainty. However, there is not an optimal strategy and therefore, different strategies need to be pursued, including reflection on the organization of the policymaking process itself. Develop a shared understanding within a group of stakeholders about policy decisions requires co-creation of a shared knowledge base to reduce social uncertainties by contextualizing the solutions and therefore may require changes in the policymaking process.
Implementing Changes in the Policymaking Process
Once the major sources of uncertainty have been identified, actions, frames or governance structures might need to be changed to better cope with uncertainty (see Fig. 1 ). Only changing actions (single-loop learning) may be insufficient and double-loop or even triple-loop learning may be needed.
An example in which river management moved from single-loop to double-loop learning can be found in the Netherlands. Until recently, river management was characterized here by a business as usual strategy. Every five years, the hydraulic boundary conditions and prescribed test instruments (e.g. mathematical models) were updated to include new knowledge about the state of the system, thereby reducing epistemic and quantifying ontological uncertainty. In 2007, a policy change was initiated following the establishment of the Delta Committee. This committee consists of politicians, policymakers and scientists and is mandated to prepare an advice on the protection of the Netherlands given the consequences of climate change (DC 2008) . Their advice reflects the need for reframing or second-loop learning. They advised, amongst others, on how to cope with uncertainty due to climate change, which would significantly increase flood risks and concluded that it would require a substantial effort to account for climate change in the current policy and recommended a change from a reaction policy towards anticipation. To achieve this goal, the procedure of the cost-benefit analysis to compute the legal flood norms was adapted from an exceedance probability strategy to a riskbased strategy (VNK 2014), which required changing the underlying principles. This adaptation required reflective analyses, adaptations of the law and changes to the governance system, from policymakers to executing agencies. However, the underlying perception that flood protection is based on probabilities and is the responsibility of the national government remained (DP 2015). Instead of using only prescribed conservative estimates, this new riskbased policy enables the explicit computation of flooding probabilities (VNK 2014). Consequently, there is also more space for adopting other strategies to cope with uncertainty. Executing this second-loop change was therefore a first step to reduce conservatism and moving away from the lock-in situation.
An example of a case where a third-loop change was incipient is the Guadiana basin. The Upper-Guadiana basin is located in Spain, which faces climatic induced droughts. The water management challenge of the responsible water authority was that there were severe droughts, which led to water shortage for farmers. However, uncertainty about the cause of the water shortage complicated policymaking. In this case, the solution to the problem was initially sought in a control-based policy, which proved to be ineffective (Martínez-Santos et al. 2008) .
A key challenge for the Guadiana regional and national water authorities who were dealing with drought issues was that both the availability of water and the underlying causes were uncertain . The amount of available water was difficult to determine because of the physical characteristics of the system, changes in climate and an uncontrolled groundwater abstraction. The initial response of the authorities was to reduce the epistemic uncertainty by improved control of water abstractions (e.g. setting a water quota). However, this solution did not take into consideration the ambiguities that existed among farmers, environmental groups and river basin authorities, resulting in social unrest and an unsustainable use of groundwater resources. Instead, other strategies had to be applied, based on negotiations and learning were able to cope with the disagreements among stakeholders ). This exercise resulted in a more comprehensive understanding of the problem by all stakeholders and led to the development of the Upper Guadiana Plan, a legally binding instrument that served to agree in how to collectively manage the basin.
The Guadiana case illustrates a situation in which first-loop action did not contribute to the solution, because it missed to address important uncertainties. Instead, a thorough reflection on the uncertainties, where the ambiguities were also acknowledged, led to a more comprehensive view on what the problematic issues were and whose responsibilities. This process resulted in new legal agreements about how to manage the basin. Although uncertainty was still present, it became accepted and more clearly handled.
Strategies and Actions for Policymakers
In the control-based paradigm, uncertainty is perceived by policymakers as something unwanted that needs to be dealt with and preferably eliminated. For policies that are characterized by a lockin situation, lessons can be learnt from the examples presented in the previous sections. Uncertainty should be seen as a strength, not as a weakness. An analysis of the uncertainties in the policymaking process can be used to develop better and more flexible management strategies as shown in the examples in the previous sections. A more comprehensive overview of the uncertainties enables the development of more robust policies with less negative surprises. If more possible outcomes are considered using e.g. scenario analysis (not necessarily analysed in detail), future uncertainties may be anticipated upon (Merz et al. 2015) . Additionally, early identification and communication of uncertainties may prevent other uncertainties from arising (due to interrelation) and hence may contribute to easier acceptance by stakeholders.
Coping with uncertainty is often considered by policymakers as their responsibility. However, uncertainty is relevant to all stakeholders and, therefore, also their responsibility. Third-loop learning might be needed to achieve such a shared responsibility in policymaking. The Guadiana case showed that sharing the responsibility with the stakeholders led to a more successful management strategy, where uncertainties complicated the policymaking less and were more accepted. Although, the Guadiana example was a local case and only showed that this strategy worked on a small scale, it illustrates the possible benefits of a paradigm shift also on a national level. Developing a sense of co-responsibility between the government and the various stakeholders can increase the self-resilience of the population. In a situation with high protection levels there is less motivation for the public to prepare against floods. However, a shared responsibility may yield the choice to accept a higher flood risk instead of raising dikes, which reduces social uncertainties.
The lock-in situation showed that having (very) high protection standards is not always beneficial. It results in a policy process, where decisions tend to increase these standards. In the UK, the Environmental Agency developed a new advice on adaptation to climate change for flood protection (EA 2011) . This advice recommends a flexible strategy, based on taking action when certain trigger points are encountered as a way to manage uncertainties associated with climate change. Also in the USA (CEQ 2010) and The Netherlands (DC 2008) , the national governments outlined recommendations that climate change effects should be anticipated by e.g. land use planning, which is a first step towards more adaptive management. These examples illustrate the tendency of countries with a control-based management towards more flexible and adaptive strategies. Other countries could learn from this and should not aim for a policy largely based on control.
Improving Uncertainty Management Strategy
In uncertainty management, interventions should be approached as flexible processes in which goals and means are adapted to changing circumstances, new insights and other emergent dynamics (Leeuwis and Van den Ban 2004) . It recognizes the importance of learning and the need to adapt strategies and goals during the process in response to new information (Pahl-Wostl et al. 2007) . Although reducing epistemic uncertainty by improving knowledge is essential, firstloop learning does not always solve the uncertainty issue. It might cause too much attention to uncertainty and create superfluous knowledge (Hommes et al. 2009b) . Only adopting an adaptive management paradigm is not sufficient, as it does not inherently comprises reflection. Moving towards a more flexible policy may require a paradigm shift from controlling the uncertainties (or at least trying to do so) towards being truly flexible and adaptive, which inherently implies to let go of control. Similarly, other authors, using different terminology, also emphasize the need for a shift from control-based management (also referred to as technocratic or rational planning) towards including the social and political dimensions (referred to as sociocratic planning) (e.g. Furlong et al. 2016) . Note again that we consider 'adaptive' to be a paradigm that prevents stakeholders to get into a lock-in situation, rather than stating that it always leads to a solution. We consider being adaptive, as focussing on continuous improvement.
Keeping an open mind requires being reflective towards oneself and the own organization. The task to be reflective is not easy (Weick et al. 2005) . People often handle the unexpected by normalizing it out of existence (e.g. Merz et al. 2015) . One issue here is that the organization of the workflow often affects the way people think (Weick et al. 2005) , while reflection requires people to analyse their own workflow. Both in the Guadiana and Romania examples, external, independent actors studied the policy process and elicited the opinions of stakeholders. They concluded, based on various interviews with stakeholders, that the motivation of stakeholders did not match the motivation of the project plans. This shows that unaffected third parties are needed to identify uncertainties to avoid malicious surprises. Huitema and Meijerink (2010) argued that policy changes are often initiated after an existing paradigm has been put to the test by the occurrence of disastrous Bshock^events, such as a flood. However, in an ideal world, disasters should not be needed to initiate policy changes.
Conclusions
In this paper we present a holistic perspective on coping with uncertainty that integrates social and natural scientists' perspectives on uncertainty and learning theories. The policymaker's final aim is that their management plans are effective, efficient and feasible and that uncertainty in the policy-making process is accepted by all stakeholders, so that uncertainty does not limited the implementation. Here, we have argued that coping with uncertainty may require paradigm shifts that can only be achieved through social and organisational learning.
We conclude that:
1. In policymaking, uncertainties are unavoidable, but are often also receiving too much or too little attention. Balancing the social and technical uncertainties is essential for a successful uncertainty management strategy. A proper identification of uncertainties in the policymaking process aids in getting this balance right and to raise awareness and support for policy plans. 2. In modern industrial countries with a history of a control-based management, uncertainties are typically dealt with by being conservative. This may lead to a lock-in situation, in which policymakers aim at reducing natural and technical uncertainties. Our examples illustrated that striving for certainty by gathering more and better knowledge is not always the optimal strategy to cope with uncertainty. We used the learning cycle concept to guide organisational change, paradigm shifts and reflection on people's frames and perceptions, which are essential components in coping with uncertainties. 3. We argue that better coping with uncertainty requires flexibility of the policymakers, being reflective about organisational processes, and changing perspectives of scientists, policymakers and other stakeholders to co-create a shared knowledge base. Sharing responsibilities is presented as an example of a transformation in the Guadiana basin, leading to better implementation of policy and less uncertainty. These components are essential to improve coping with uncertainty in policymaking, but are currently not always included.
Shifting policy towards adaptive management is increasingly advocated as a suitable framework to cope with uncertainty, but also in its application the entire uncertainty space needs to be considered and it requires an open mind to prevent surprises and disasters. We have argued that 'management' is sometimes confused with 'learning by doing'. No strategy is fully adaptive, but should focus on continuous improvements and try to prevent to get into a lock-in situation. Achieving this requires reflection, learning and flexibility of policymakers and their organisation. We presented several tools to raise awareness, enhance learning and examples that show its potential.
